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(54) Ceramic heater

(57)  This invention has its object to provide a
ceramic heater provided at low cost without being com-
promised in its performance, with the result that a
ceramic heater equivalent to the conventional product in
performance characteristics can be manufactured at
reduced cost.

A ceramic heater comprising a core, an insulation

sheet covering said core and a resistance heating ele-
ment of high-melting metal as embedded between said
core and insulation sheet,
a high-temperature part of said resistance heating ele-
ment, the operating temperature of which reaches
300°C or higher, comprises a high-melting metal sup-
plemented with Re or Mo.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a ceramic
heater comprising a resistance heating element embed-
ded in ceramics.

BACKGROUND OF THE INVENTION

[0002] The ceramic heater comprising a resistance
heating element of high-melting metal as embedded
between a core and an insulation sheet covering the
core is in widespread use as a heating means for the
automotive oxygen sensor, glow system, etc. or as a
heat source for devices for gassification of petroleum
oil, such as a heater for use in semiconductor heating or
an oil fan heater.

[0003] Fig. 3 (a) is a perspective view showing a
ceramic heater of this type schematically and (b) is a
sectional view taken along the line A-A of (a).

[0004] This ceramic heater comprises a cylindrical
core 10, an insulation sheet 12 wrapped around said
core 10 with an adhesive layer 11 interposed, and a
resistance heating element 13 embedded between said
core and insulation sheet, with terminal portions of said
resistance heating element 13 being connected to
external terminals 14 disposed externally of said insula-
tion sheet 12 and lead wires 16 being connected to said
external terminals 14, respectively.

[0005] As illustrated in Fig. 3 (b), each terminal por-
tion of said resistance heating element 13 is connected
to the corresponding external terminal 14 via a plated-
through hole 15 provided under the external terminal 14
in the insulation sheet 12. In this arrangement, as an
electric current is applied between said external termi-
nals 14 through said lead wires 16, the resistance heat-
ing element 13 generates heat and thereby functions as
a heater.

[0006] When this heater is operated under a high
temperature setting as in the above application, the
resistance heating element must be caused to generate
a high-temperature heat and, therefore, it is common
practice to use a high-melting metal such as tungsten
(W) as the material of the resistance heating element.
However, there is the problem that, when used at a high
temperature, a metal of this kind reacts with the sur-
rounding ceramics to form the silicide and oxide and
affect the resistance value of the heating element. Gen-
erally a ceramic heater is operated at a constant voltage
and, therefore, as the resistance value of the resistance
heating element is altered in this manner, the heater
temperature is also affected. Such a change in heater
temperature should be avoided as far as possible.
Moreover, as the oxidation progresses further, the
heater is degraded to suffer a problem in durability.
[0007] Therefore, it is common practice to supple-
ment a high-melting metal with rhenium (Re) and use
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the alloy for the high resistance heating element to
thereby control the change in resistance. Thus, Re is
added to the high-melting metal such as W to reduce its
reactivity with the surrounding ceramics at a high tem-
perature and thereby control the change in resistance.

[0008] However, Re is a very expensive element
and, for this reason, is a factor in the high production
cost of a ceramic heater.

[0009] Moreover, in order to avoid degradation of
the resistance heating element (conductor), the con-
necting terminals and resistance heating element
proper to be formed inside of the insulation sheet are
conventionally composed of an Re-containing conduc-
tor (resistance heating material) but this practice leads
to a further increase in the production cost of a ceramic
heater.

SUMMARY OF THE INVENTION

[0010] In view of the above state of the art, the
inventors of the present invention scrutinized the mech-
anism of reaction between the metal constituting the
resistance heating element and ceramics in a ceramic
heater and found that while the high-melting metal such
as W in the high-temperature part of the resistance
heating element which reaches 300°C or higher reacts
with the surrounding ceramics to form the silicide and
oxide, this reaction does not substantially take place in
the low-temperature part of the heating element and
that, therefore, by using an Re-containing high-melting
metal selectively for only the high-temperature part of
the heating element which reaches 300°C or higher, the
change in resistance of the resistance heating element
and the heater degradation due to aging can both be
sufficiently precluded and, in addition, the ceramic
heater can be fabricated at a low cost as compared with
the prior art. The present invention has accordingly
been developed.

[0011] The present invention, therefore, is directed
to a ceramic heater comprising a core, an insulation
sheet covering said core, and a resistance heating ele-
ment of high-melting metal as embedded between said
core and insulation sheet,

a high-temperature part of said resistance heating ele-
ment, the operating temperature of which reaches
300°C or higher, comprises a high-melting metal sup-
plemented with Re or Mo.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Fig. 1 is a perspective view showing the construc-
tion of the ceramic heater according to the present
invention;

Fig. 2 is a developed view of the resistance heating
element and other members constituting the
ceramic heater of the present invention;
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Fig. 3 (a) is a perspective view showing the con-
struction of the conventional ceramic heater and (b)
is a sectional view taken along the line A-A of (a).

DETAILED DESCRIPTION OF THE INVENTION

[0013] Fig. 1 is a schematic perspective view show-
ing a ceramic heater according to the present invention.
[0014] As illustrated in Fig. 1, the ceramic heater of
the invention comprises a cylindrical core 1, an insula-
tion sheet 2 covering said core 1 leaving its leading end
exposed, and a resistance heating element 3 embed-
ded between said core and insulation sheet, with termi-
nals 4 connected to the end of said resistance heating
element 3 being exposed through cutouts 5 in said insu-
lation sheet 2 and lead wires 6 being soldered to said
exposed terminals 4 interposed with solder. The core 1
and insulation sheet 2 comprises a ceramic material
such as alumina, aluminum nitride, mullite, cordierite or
the like.

[0015] Fig. 2 is a developed view showing the
resistance heating element 3 disposed around the core
1. As illustrated in Fig. 2, this resistance heating ele-
ment 3 comprises a heat-generating part 3a and a con-
ductor part 3b. The conductor part 3b extends axially to
connect the comb-shaped heat-generating part 3a dis-
posed adjacent to said one axial end of the core 1 to the
terminals 4 disposed adjacent to said other end of the
core 1. On applying the current, chiefly the heat-gener-
ating part 3a generates heat to play the role of a heater.
[0016] Moreover, in this resistance heating element
3, the high-temperature part indicated at A in Fig. 2 is
composed of a high-melting metal supplemented with
Re or Mo, while the low-temperature part indicated at B
is composed exclusively of a high-melting metal. The
terminals 4 are also composed of a high-melting metal.
[0017] The high-melting metal mentioned above
includes but is not limited to tungsten (W), tantalum
(Ta), niobium (Nb) and titanium (Ti). These metals may
be used each alone or in a combination of two or more
species. Among the metals mentioned above, W is pre-
ferred.

[0018] The high-temperature part A is the part
which reaches 300°C or higher on the heating mode of
the resistance heating element 3. Therefore, this part of
the resistance heating element 3 preferably comprises
a high-melting metal containing 3 to 20 weight % of Re
and 70 to 95 weight % of W or a high-melting metal con-
taining 3 to 20 weight % of Mo and 70 to 95 weight % of
W. More preferably, it comprises a high-melting metal
containing 10 to 18 weight % of Re and 75 to 90 weight
% of W or a high-temperature metal containing 5 to 15
weight % of Mo and 75 to 90 weight % of W.

[0019] As the component other than the above-
mentioned components, a ceramic component such as
Al,O3 can be mentioned.

[0020] The reason for use of a high-melting metal
supplemented with Re or Mo in the part of resistance
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heating element 3 which reaches 300°C or higher on
the heating mode of the ceramic heater is that the reac-
tion between the simple high-melting metal and the
ceramics starts at a temperature of not less than 300°C.
[0021] The temperature setting and the tempera-
ture profile of the ceramic heater are dependent on the
temperature required of the heater and the composition
of the high-melting metal used. Therefore, the relative
dimensions of high-temperature part A and low-temper-
ature part B shown in Fig. 2 are a mere example and the
breadths of A and B should vary according to the tem-
perature to be developed on the heating mode of the
resistance heating element 3 and the composition of the
high-melting metal used.

[0022] The method of fabricating the ceramic
heater is not particularly restricted but usually the
ceramic heater is fabricated in the following manner. A
ceramic green sheet preformed with a conductor paste
layer corresponding to the resistance heating element 3
and connecting terminals 4 shown in Fig. 2 is wrapped
around a core with the conductive paste layer inside and
the assembly is sintered to construct the main part of
the ceramic heater. Then, lead wires are rigidly con-
nected and soldered to the cutouts by using solder.
[0023] The above-mentioned green sheet formed
with a conductive paste layer can be prepared by, for
example, printing the surface of a plastic film (release
film) with an adhesive layer, a conductive paste layer
and a green sheet layer serially in superimposition, dry-
ing the print, and peeling off the laminate comprising
said conductive paste layer and green sheet from the
plastic film.

[0024] In the conductive paste printing process of
the present invention, a conductive paste containing Re
or Mo and high-melting metal is used to form a conduc-
tive paste layer corresponding to high-temperature part
A by, for example, the screen printing technique and,
then, a conductive paste containing a Re/Mo-free high-
melting metal is used to form a conductor paste layer
corresponding to the low-temperature part B and termi-
nals 4 by the same technique. The order of printing may
be reversed. However, the high-temperature part A
must be connected, in the part where the operating tem-
perature will not exceed 300°C, to the low-temperature
part. Therefore, the conductive paste containing Re or
Mo and high-melting metal may ingress somewhat into
the low-temperature part B but the reverse is undesira-
ble.

[0025] The conductive paste containing Re or Mo
and high-melting metal can be prepared by using a Re
or Mo powder and a high-melting metal powder or by
using a Re or Mo-high-melting metal alloy powder.
[0026] In accordance with the present invention
wherein an expensive Re- or Mo-containing high-melt-
ing metal is used for the high-temperature part which
reaches 300°C or higher on the heating mode of the
resistance heating element and an Re- and Mo-free
high-melting metal is used for the remaining part, the
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resistance heating element can be provided at low cost
without being compromised in its performance, with the
result that a ceramic heater equivalent to the conven-
tional product in performance characteristics can be
manufactured at reduced cost. 5

Claims

1. A ceramic heater comprising a core, an insulation
sheet covering said core and a resistance heating 170
element of high-melting metal as embedded
between said core and insulation sheet,

a high-temperature part of said resistance heating
element, the operating temperature of which
reaches 300°C or higher, comprises a high-melting 15
metal supplemented with Re or Mo.

2. The ceramic heater according to Claim 1
wherein the high-temperature part, the operating
temperature of which reaches 300°C or higher, 20
comprises a high-melting metal containing 3 to 20
weight % of Re, 70 to 95 weight % of W and the
remainder of a ceramic component.

3. The ceramic heater according to Claim 1 25
wherein the high-temperature part, the operating
temperature of which reaches 300°C or higher,
comprises a high-melting metal containing 3 to 20
weight % of Mo, 70 to 95 weight % of W and the
remainder of a ceramic component. 30
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